Background: Diabetes mellitus (DM) is associated with a greater risk for colorectal cancer (CRC). Objective: The objective of this article is to examine the endoscopic phenotype and histopathology of colorectal polyps in patients with vs without DM. Methods: We conducted a cross-sectional study of patients who underwent colonoscopy at our university hospital and who completed a questionnaire. We collected endoscopy and histopathology data regarding colorectal adenomas and serrated polyps. Cox regression analyses were used to estimate adjusted prevalence ratios (PRs). Results: We examined a total of 3654 patients (mean age (SD): 62 (12) years, 47% males). Of them, 360 (9.9%) had DM. Overall, the prevalence of colorectal adenomas (42% vs 32%, p < 0.01), multiple (!3) adenomas (12% vs 7%, p ¼ 0.01) and proximal adenomas (30% vs 19%, p < 0.01) was higher in patients with vs without DM. Multivariable analysis showed that the prevalence of adenomas (PR 1.17, 95% CI; 1.02-1.34), multiple (PR 1.37, 95% CI; 1.00-1.86) and proximal (PR 1.37, 95% CI; 1.16-1.62) adenomas was higher in patients with vs without DM, especially in men. Conclusion: Patients with DM harbor more frequently multiple and proximal adenomas than those without DM. Close colonoscopic surveillance of DM patients is important to maximize the effectiveness of colonoscopic CRC prevention.
Introduction
Patients with diabetes mellitus (DM) have a 20% to 40% greater risk of developing colorectal cancer (CRC) than non-diabetic individuals. 1 The gradual increase of the incidences both of DM and CRC over the past decade, with approximately 347 million patients with DM and 663,000 CRC cases worldwide in 2008, 2, 3 raises concerns about the implications for CRC-prevention strategies. Increased life expectancy and shared risk factors (e.g. obesity, lack of physical activity and unfavorable dietary habits) may explain the rise in incidence rates of both diseases. 4 The exact mechanisms underlying such risk remain, however, unclear. Insulin resistance in type 2 DM (T2DM) leads to chronic hyperinsulinism, possibly promoting the proliferation of colonic epithelial cells, either directly or indirectly, by increasing insulin-like growth factor (IGF), which, in turn, may lead to an accelerated progression from adenoma to cancer. 5 This hypothesis is supported by a few studies demonstrating an increased risk of colorectal adenomas in T2DM patients, especially in those on exogenous insulin therapy. [6] [7] [8] It has been suggested that CRC patients with DM have a worse prognosis than those without DM, in particular a greater overall mortality (20%-40%) and a shorter CRC disease-free survival, perhaps due to suboptimal cancer therapy. 9 Collectively, these data highlight the need for improvements in the prevention of CRC in diabetic patients. Although studies endorse the importance of CRC screening in diabetic patients, 10 little is known about the prevalence, endoscopic phenotype (e.g. location, size, shape) and histopathology of colorectal polyps in diabetic patients. Also, information on age-and gender-specific variations in the prevalence of colorectal polyps in diabetic patients is sparse. 11 In view of the increasing number of CRC screening initiatives worldwide, it is important to clarify the magnitude of CRC risk in diabetic patients. Such information may provide the framework for customized screening programs, in terms of preferred test modality, age of initiation and frequency of surveillance intervals, with the goal of improving the effectiveness of CRC prevention. In a cross-sectional study, we therefore examined the prevalence and endoscopic phenotype of colorectal polyps in diabetic vs non-diabetic men and women, with special attention to the colonic subsite.
Materials and methods

Study population
In the framework of an ongoing initiative aiming to improve the quality of colonoscopy at our university hospital, we have previously trained all endoscopists on the detection, diagnosis and endoscopic resection of colorectal polyps, with emphasis on the non-polypoid colorectal lesions, as described elsewhere. 12 Special attention was paid to targets for measuring the quality of colonoscopy. 13 From February 2008 to February 2012, we have included all consecutive patients who underwent an elective colonoscopy at the endoscopy unit of our university hospital for symptoms, screening or surveillance indications. We excluded patients aged <30 years, to preclude the inclusion of individuals with type 1 DM. Furthermore, patients with inflammatory bowel disease, hereditary CRC syndromes (i.e. known gene mutations), those fulfilling the World Health Organization (WHO) criteria for serrated polyposis syndrome, patients with a personal history of CRC, prior colonic resection or an incomplete colonoscopy were excluded. In patients who underwent more than one colonoscopy during the study period, data from the most extensive colonoscopy examination only were evaluated. Index colonoscopy data were used when a second colonoscopy was performed because of onset of new symptoms, polypectomy or post-polypectomy surveillance. In cases of incomplete first colonoscopy or poor bowel preparation requiring a second-look colonoscopy, data from the second colonoscopy were used. The study was approved by the local institutional review board (MEC 14-4-046).
Data collection
Clinical, endoscopic and histopathology data. Complete clinical, endoscopic and histopathology data were collected using a digital, standardized case report form. Bowel preparation was classified by the endoscopist as adequate or poor, as described previously. 14 Colorectal polyps were divided according to location into proximal (i.e. proximal from and including the splenic flexure) and distal (i.e. distal from the splenic flexure). Size of the polyps was measured endoscopically (biopsy forceps or mini-snare) and classified into diminutive (i.e. <6 mm), small (i.e. 6-9 mm) and large (i.e. >9 mm). Multiple adenomas were defined as presence of at least three adenomas. Non-polypoid colorectal neoplasms were defined as lesions with a height less than half of their diameter. 15 Histopathologic classification of all colorectal polyps was performed by two experienced gastrointestinal (GI) pathologists according to the WHO classification. 16 Adenomas included tubular, tubulovillous and villous adenomas, while serrated polyps included hyperplastic polyps, sessile-serrated adenomas/polyps (SSA/Ps) with and without dysplasia and traditional serrated adenomas. Advanced adenomas were defined as adenomas sized !10 mm, containing high-grade dysplasia or any villous component.
Questionnaires.
A self-administered questionnaire concerning demographic features, presence of DM, smoking, body mass index (BMI), medication (i.e. use of aspirin/nonsteroidal anti-inflammatory drugs (NSAIDs)), alcohol consumption, family history of CRC, and fruit and vegetable intake was obtained from all patients, shortly after the colonoscopy. Inconsistent or missing data were verified through medical records and recorded as missing in case such information could not be retrieved. Patients who provided informed consent and completed the questionnaire were included in the multivariable analyses. Patients were classified into diabetic and non-diabetic based on self-reporting. BMI was calculated using height and weight. A positive family history of CRC was defined as !1 first-degree relatives with CRC. 17 Alcohol use was categorized as no use/sporadic use, 1-2 alcoholic consumptions per day and >2 alcoholic beverages per day. Smoking status was categorized as current, former or never and medication use was categorized as daily vs non-daily/no use. Information regarding fruit and vegetable intake was derived from the question: ''Do you consume the following products (e.g. bread, fruit)?'' When answered by yes, the patient was asked to assess the consumption of fruit in pieces per week and the amount of vegetables in grams per day. Indications for aspirin use in this population were primary or secondary prevention of cardiovascular events, for which standard daily doses of 100 mg were used.
Statistical analysis
Primary endpoints of this study were the prevalence of colorectal polyps, either adenomas or serrated polyps, in patients with vs without DM. Based on previous studies, 7, 18 we estimated that a sample size of at least 155 diabetic women and 1350 non-diabetic women would be required to detect a 10% difference in polyp prevalence (30% vs 20%) with a power of 80% and an alpha of 0.05 in women. As polyps are more common in men than in women, 18 we considered higher polyp prevalence (35% vs 25%) in the power analysis for men. We assumed that a sample size of 176 diabetic men and 1535 non-diabetic men would be sufficient to detect a 10% difference. Secondary endpoints were the characterization of the endoscopic features (e.g. location, size, shape) and histopathology of colorectal polyps in DM vs non-DM stratified by gender. Prevalence ratios (PRs) of colorectal polyps in DM vs non-DM patients were calculated using Cox-regression analyses with equal times of follow-up assigned to all individuals and robust variance as described previously by Barros and Hirakata. 19 Possible confounders were selected a priori, based on clinical relevance and previous literature data. Multivariable models were adjusted for age at the time of colonoscopy, gender, BMI, family history of CRC, smoking status, alcohol intake, use of NSAIDS/aspirin, indication for colonoscopy, bowel preparation, and fruit and vegetable intake. Individuals with missing data were excluded from the analyses. In order to compare the adenoma prevalence in the distal vs proximal colon independent of the number of polyps found on colonoscopy, sensitivity analyses were performed excluding patients with more than one adenoma found on colonoscopy. Differences in continuous variables were analyzed using Mann-Whitney U and the independent samples t-test, differences in categorical values with the Chi-square test. Two-sided p values 0.05 were considered statistically significant and all risk ratios are presented with 95% confidence intervals (CIs). Statistical analyses were conducted using Stata (version 12, StataCorp, College Station, TX, USA). Figure 1 shows the study diagram. A total of 9363 patients with 11,067 colonoscopies were included. Of them, 6394 (68.3%) patients returned the questionnaire, of whom 6.7% declined to fill out the questionnaire, leaving 5771 participants further examined in this study. Participating responders were on average five years older than non-responders (mean (SD) age 60 (15) years vs 55 (19) , p < 0.01) and had more often !1 adenoma (30% vs 23%, p < 0.01), !1 serrated polyp (16% vs 11%, p < 0.01) and !1 SSA/P (1.0% vs 0.7%, p ¼ 0.241).
Results
Clinical characteristics
A total of 3654 (mean (SD) age 62 (12) years, 47% males) individuals were included in the final analyses, of whom 360 (9.9%) reported to have DM. Of all participants, 1203 individuals (33%) had !1 adenoma and 625 individuals (17%) !1 serrated polyp. Clinical characteristics of the study population subdivided according to presence of DM are described in Table 1 . Indications for colonoscopy were symptoms (79.8% of cases), screening (9.5%) or surveillance (10.7%).
Notably, patients with DM were more likely to have a poor bowel preparation than those without DM (9% vs 6%, p ¼ 0.02). Compared with non-diabetic patients, patients with DM were older (mean age (SD) 61 (12) years vs 66 (10) years, p < 0.01), had a higher mean BMI (25.7 kg/m 2 vs 28.9 kg/m 2 , p < 0.01), and used more often NSAIDS/aspirin daily (28% vs 44%, p < 0.01). Concerning lifestyle factors, diabetic patients were more often ex-smokers (58% vs 48%, p < 0.01) than the non-diabetic patients. Approximately 74% of the diabetic patients reported never/sporadic use of alcohol compared with 58% in the non-diabetic population (p < 0.01). No significant differences were found between diabetic and non-diabetic patients regarding reported fruit and vegetable intake.
In the analyzed population, the prevalence of colorectal polyps and CRC differed between men and women. Compared to women, the prevalence of colorectal adenomas (33% vs 25%, p < 0.01), advanced adenomas (17% vs 11%, p < 0.01) and CRC (4.1% vs 2.4%, p < 0.01) was higher in men. No differences were found between men and women regarding serrated polyps or SSA/P. Prevalence ratios of colorectal polyps in patients with vs without DM in relation to subsite, number of adenomas, and histopathology
In Table 2 data regarding the prevalence and prevalence ratios of colorectal polyps in patients with vs without DM are presented. Overall, the prevalence of colorectal adenomas (42% vs 32%, p < 0.01), multiple (!3) adenomas (12% vs 7%, p ¼ 0.01) and proximal adenomas (30% vs 19%, p < 0.01) were higher in patients with than in those without DM. No differences were found between diabetic and non-diabetic patients regarding advanced adenomas, serrated polyps and SSA/Ps. Age-adjusted analyses showed that DM was associated with an increased prevalence ratio for having !1 adenoma (PR 1.15, 95% CI 1.01-1.31), proximal adenomas (PR 1.37, 95% CI 1.16-1.62) and multiple adenomas (PR 1.40, 95% CI 1.03-1.90). In the multivariable adjusted model presence of DM was significantly associated with greater prevalence ratios of adenomas (PR 1.17, 95% CI: 1.02-1.34), proximal adenomas (PR 1.37, 95% CI: 1.16-1.62) and multiple adenomas (PR 1.37, 95% CI: 1.00-1.86). Because both the prevalence rates of multiple adenomas and proximal adenomas were increased in patients with DM, a sensitivity analysis was conducted excluding patients with more than one adenoma. The prevalence of proximal adenoma remained increased (PR 1.34 (95% CI: 0.99-1.82)) in diabetic (14%) vs non-diabetic (9%) patients without multiple adenomas. Multivariable analysis showed similar results (PR 1.43 (95% CI: 1.05-1.94)).
Age-and gender-specific associations of DM with colorectal polyps
In Figure 2 age group-specific distribution of the prevalence of colorectal adenomas is depicted for 442 diabetic patients and 3511 non-diabetic individuals. For all age groups, the prevalence of !1 adenoma was higher in patients with vs without DM, though only statistically significant in the 65-75 years age group. Concerning patients in the pre-screening age range (45-55 years), those with DM had again a higher prevalence of adenomas than those without DM (29% vs 24%, p ¼ 0.423).
With regard to gender-specific associations, Table 2 shows that in men with DM, the prevalence of proximal (PR 1.40, 95% CI 1.15-1.69) and multiple adenomas (PR 1.44, 95% CI 1.02-2.05) were significantly increased in multivariable adjusted models compared to men without DM. In diabetic women, the prevalence of !1 adenoma (PR 1.22, 95% CI 0.96-1.55), proximal adenomas (PR 1.36, 95% CI 0.97-1.90), as well as distal adenomas (PR 1.23, 95% CI: 0.91-1.67), were again higher than in non-diabetic women, though differences did not achieve statistical significance.
Discussion
In this population-based study of patients undergoing elective colonoscopy, we found that diabetic men and women have a moderately increased prevalence of adenomas compared with non-diabetic individuals, in particular multiple and proximally located adenomas, which may partly explain the greater risk for Figure 2 . Age-specific prevalence of !1 colorectal adenoma, with 95% CI, in patients with and patients without diabetes mellitus. Because only missing data on age and diabetes status were excluded, the total number of individuals is higher than that in the multivariate analysis. CI: confidence interval; DM: diabetes mellitus.
developing CRC. Our findings underscore the importance of careful colonoscopic examination and close surveillance of diabetic patients to optimize the quality and effectiveness of CRC prevention in this higher-risk subgroup.
The findings of our study are of potential relevance for the post-polypectomy surveillance of diabetic patients, as both the multiplicity 20 and proximal location of colorectal adenomas 21 are independent predictors for the development of metachronous neoplasms and are therefore incorporated in calculating the postpolypectomy surveillance intervals. Proximally located colorectal neoplasms appear to be often non-polypoid in shape, 22 which partly explains why such lesions are frequently overlooked, 23 especially in patients with poor bowel preparation. Indeed, in our present study, 12% of the diabetic patients had multiple, often proximally located adenomas. Of all DM cases with detected adenomas, 21% had at least one nonpolypoid-shaped adenoma. Of note, nearly one in 10 diabetic patients in our study lacked adequate bowel preparation during the colonoscopic examination. Taken together, these data emphasize the importance of high-quality standards in screening and colonoscopy surveillance of diabetic patients to ensure protection against cancer.
Epidemiologic studies 24, 25 previously described an increased risk for CRC in diabetic patients and a higher risk for proximally compared to distally located CRC, although data are conflicting. In the quality colonoscopy era, however, few studies examined the endoscopic phenotype (site, multiplicity, shape) of colorectal neoplasms in diabetic patients. An association was reported between the presence of proximal adenomas in diabetic patients and the duration of insulin use and fasting insulin levels: The study by Wong et al. 8 showed an increased risk of proximal adenomas (odds ratio (OR) 1.8, 95% CI 1.1-2.9) in diabetic patients after at least two years of exposure to exogenous insulin compared to diabetic patients who were not exposed to exogenous insulin. Yoshida et al. 26 observed an increased risk for proximally located polyps with each 5 mU/ml increment in fasting serum insulin levels at the time of colonoscopy (OR 1.8, 95% CI 1.2-2.5). With respect to the multiplicity of adenomas detected, Cha et al. 27 found a higher prevalence of multiple adenomas (44% vs 28%) in pre-diabetic vs non-diabetic patients with adenomas. In a study by Suh et al., 28 DM appeared to be associated with multiple adenomas (OR 2.8, 95% CI 1. 8-4.4) , particularly in men of older age (>65 years).
Data regarding gender-specific adenoma and CRC relative risk in diabetic patients are scarce. In a study of 600 postmenopausal women, Elwing et al. 7 found that diabetic women were more likely to have colorectal adenomas (OR 1.75, 95% CI 1.05-2.87) at screening colonoscopy than those without DM, in keeping with our present study. In contrast to our data, these authors found a trend toward a greater proportion of proximally located advanced adenomas in postmenopausal diabetic women. Difference in the overall proportions of advanced adenomas between Elwing's study (6% of the non-diabetic women) and ours (11% of the non-diabetic women) may partly explain such discrepancies. Furthermore, difference in indications for colonoscopy (screening in Elwing's study vs predominantly diagnostic colonoscopy in ours) could play a role. A recent cross-sectional study by Kra¨mer et al. 6 investigating the association of type 2 DM with colorectal neoplasia (CRN) in 1554 participants aged 50 to 74 years found an increased prevalence of CRN in diabetic women (PR 1.61, 95% CI 1.03-2.53), but not in men (PR 1.02, 95% CI 0.73-1.43). In our present study, we found an association of DM and the presence of !1 adenoma at colonoscopy both in men and women, albeit this was more pronounced in men.
The biological mechanisms underlying the increased risk for colorectal neoplasms in diabetic patients and the shift toward more proximally located lesions are unclear. It has been hypothesized that the ''insulin resistance-hyperinsulinemia-IGF-axis'' plays a major role. Previous nested, case-control studies confirmed that increased serum levels of IGF-I and insulin are associated with the risk of adenomas, advanced adenomas and CRC in men and women. 29, 30 Some features of our study need to be acknowledged. Contributing to the strength of this study, data were derived from a large population-based cohort of patients undergoing elective colonoscopy at our institution. Before the outset of this population-based cohort, specialist registrars and consultant endoscopists were trained on the recognition, classification and endoscopic resection of colorectal neoplasms, in particular the subtle-appearing nonpolypoid neoplasms. A standardized endoscopy reporting system and comprehensive questionnaires were employed to capture clinical data and risk profiles. These data enabled us to carefully control for major confounders (e.g. BMI), albeit residual confounding due to non-measured variables cannot be excluded. As a limitation, the DM status in our study was ascertained based on selfreported questionnaire data, and, hence, the prevalence of DM could be underestimated (e.g. patients who were unaware that they had DM, such as those with glucose intolerance at the time of colonoscopy). Previous epidemiological studies pointed out, however, that selfreporting of DM is accurate. 31 Data regarding the exact subtype of DM and the age at diagnosis of DM were not available. To preclude inclusion of patients with type 1 DM in our study, we excluded all patients aged <30 years. In our study, responders were older than non-responders and more likely to have colorectal polyps. A previous survey study from the Netherlands pointed out that non-response in cross-sectional population-based studies does not seem to cause bias in examined associations. 32 Nevertheless, if the prevalence of colorectal polyps was overestimated because of the older age of the responders, this was the case both in diabetic and non-diabetic patients and, hence, is unlikely to have changed the main findings of this study.
Our current data reinforce the importance of stratifying for higher-risk subgroups, such as patients with DM, to increase the effectiveness of screening initiatives and colonoscopy surveillance. It remains to be shown whether such higher-risk patients would benefit from personalized cancer-prevention strategies in terms of screening test modality used, age of initiation and frequency of colonoscopy surveillance.
In conclusion, in this large population-based study, we found an increased prevalence of proximal and multiple adenomas in patients with DM, which was most pronounced in men. Close colonoscopic surveillance in patients with DM with particular attention to the proximal colon is warranted to optimize colonoscopic prevention of CRC in such a higher-risk subgroup.
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